ABSTRACT Leprosy (Hensen's Disease) is an infectious disease that progressively deteriorates over time and is associated with mycobacterium leprae (M.leprae). Although human-to-human transmission is the primary source of infection, three other species can carry and (rarely) transfer M.leprae to humans: chimpanzees, mangabey monkeys, and nine-banded armadillos. The early signs and symptoms of leprosy are very subtle and occur slowly (usually over years), which includes; numbness (loss of temperature sensation), skin lesions, weakness, anesthesia, paralysis, epistaxis, skin bumps, deformity (face, hand and foot), eye damage (dryness and reduced blinking), loss of digit, enlarged earlobes, conjunctivitis and Iridocyclitis. In this paper, the traditional procedure of the medical diagnosis of Leprosy employed by physicians is expressed using Fuzzy classifier. The proposed expert system eliminates uncertainty and imprecision associated with the diagnosis of Leprosy.
INTRODUCTION
Leprosy (Hensen's Disease) is chronic, progressive infectious disease caused by mycobacterium leprae (M.leprae) which causes skin sores and also affects the eyes, mucous membranes and peripheral nerves, MedicineNet (2011) and RightDiagnosis (2011) . Leprosy develops slowly (from six months to 40 years) and results in skin lesions and deformities, most often affecting the cooler places on the body (for example, eyes, nose, earlobes, hands, feet and testicles). Although human-to-human transmission is the primary source of infection, three other species can carry and (rarely) transfer M. leprae to humans: chimpanzees, mangabey monkeys, and nine-banded armadillos, MedicineNet (2011) .
The early signs and symptoms of leprosy are very subtle and occur slowly (usually over years), which includes; numbness (loss of temperature sensation), skin lesions, weakness, anesthesia, paralysis, epistaxis, skin bumps, deformity (face, hand and foot), eye damage (dryness and reduced blinking), loss of digit, enlarged earlobes, conjunctivitis and Iridocyclitis, Healthline (2011); MedicineNet (2011) and RightDiagnosis (2011) . There are different types of leprosy described in different literatures, Medicinenet (2011) . These types are based on the person's immune response to M.leprae, which include: a. Indeterminate leprosy in few hypopigmented macules which can heal spontaneously persists or advances to other forms. b. Tuberculoid leprosy is usually associated with few hypo-pigmented macules, some are large and some become anesthetic (lose pain sensation or a substance that causes lack of feeling or awareness), some neural involvement in which nerves become enlarged, spontaneous resolution in a few years, persists or advances to other forms. MedicineNet (2011) . Expert systems are knowledge-based systems that contain expert knowledge. An expert system is a program that can provide expertise for solving problems in a defined application area in the way the experts do. They use human knowledge to solve problems that normally would require human intelligence. These expert systems represent the expertise knowledge as data or rules within the computer. These rules and data can be called upon when needed to solve problems, PCAI (2002) . Fuzzy systems are rule-based expert systems based on fuzzy rules and fuzzy inference. Fuzzy sets were introduced by, Zadeh (1965) to represent/manipulate data and information possessing non statistical uncertainties.
Fuzzy sets provide a means of representing and manipulating data that are not precise, but rather fuzzy. Fuzzy logic is a superset of conventional (Boolean) logic that has been extended to handle the concept of partial truth -truth values between "completely true" and "completely false", Christos and Dimitros (2008); Kasabov (1998) and Robert (2000) . The theory of fuzzy logic provides a mathematical strength to capture the uncertainties associated with human cognitive processes, such as thinking and reasoning. A fuzzy set A is called trapezoidal fuzzy number (Figure 1 ) with tolerance interval [a, b] , left width α and right width β if its membership function has the following form and we use the notation A = (a, b, α, β). It can easily be shown that
The support of A is (a − α, b + β).
Figure 1: Trapezoidal fuzzy number
Fuzzy systems often learn their rules from experts. When no expert gives the rules, adaptive fuzzy systems learns by observing how people regulate real systems, Leondes (2010) . The difference between classical and fuzzy logic is something called "the law of excluded middle", Bart and Satoru (1993) .
In standard set theory, if object does or does not belong to a set. There is no middle ground. In such bivalent systems, an object cannot belong to both its set and its compliment set or to neither of them. This principle preserves the structure of the logic and avoids the contradiction of object that both is and is not a thing at the same time, Zadeh (1965) . However, fuzzy logic is highly abstract and employs heuristic (experiment) requiring human experts to discover rules about data relationship. Fuzzy classification assumes the boundary between two neighboring classes as a continuous, overlapping area within which an object has partial membership in each class. It not only reflects the reality of many applications in which categories have fuzzy boundaries, but also provides a simple representation of the potentially complex partition of the feature space. Sun and Jang (1993) propose an adaptivenetwork-based fuzzy classifier to solve fuzzy classification problems. Conventional approaches of pattern classification involve clustering training samples and associating clusters to given categories. The complexity and limitations of previous mechanisms are largely due to the lacking of an effective way of defining the boundaries among clusters. This problem becomes more intractable when the number of features used for classification increases, Christos and Dimitros (2008); Kasabov (1998); Robert (2000) and Rudolf (2008) .
MATERIALS AND METHODS
Fuzzy classifier is applied to the diagnosis of leprosy using the model prescribed in Figure 2 . The system parades two input variables X 1 and X 2 which are symptoms of leprosy. The training data are categorized by two classes C 1 and C 2 . Each input is represented by the two linguistic terms, thus we have four rules.
Layer 1: The output of the node is the degree to which the given input satisfies the linguistic label associated to this node. This is governed by the bellshaped membership functions which represent the linguistic terms, where (a i1 , a i2 , b i1 , b i2 ) is the parameter set. As the values of these parameters change, the bell-shaped functions vary accordingly, thus exhibiting various forms of membership functions on linguistic labels A i and B i . In fact, any continuum, such as trapezoidal and triangular-shaped membership functions are also quantified candidates for node functions in this layer.
The initial values of the parameters are set in such a way that the membership functions along each axis satisfy; completeness, normality and convexity. The parameters (symptoms) are then tuned with a descent-type method. Layer 2: Each node generates the signal corresponding to the conjunctive combination of individual degrees of match of leprosy symptoms. The output signal is the firing strength of the fuzzy rule with respect to leprosy.
We take the linear combination of the firing strengths of the rules at Layer 3 and apply sigmoidal function at Layer 4 to calculate the degree of belonging to a certain class. Fuzzy classification inference procedure is presented in Figure 3 . Given training set {(x k , y k ), k = The task of fuzzy classification of leprosy is to generate an appropriate fuzzy partition of the feature space. In this context the word appropriate means that the number of misclassified patterns is very small or zero. Then the rule base should be optimized by deleting rules which are not used. The scheme is extensible to any number of input and classes.
RESULTS AND DISCUSSION
The fuzzy partition for each input feature consists of leprosy symptoms (numbness (loss of temperature sensation), skin lesions, weakness, anesthesia, paralysis, epistaxis, skin bumps, deformity (face, hand and foot), eye damage (dryness and reduced blinking), loss of digit, enlarged earlobes, conjunctivitis, and Iridocyclitis. However, it can occur that if the fuzzy partition of leprosy is not set up correctly, or if the number of linguistic terms for the input features is not large enough, then some patterns will be misclassified. The rules that can be generated from the initial fuzzy partitions of the classification of leprosy is thus a.
Might be Leprosy (C 1 ) b. Have Leprosy (C 2 ) c. Not Leprosy (C 3 ) If the patient is having at least four symptoms (C 1 ), if the patients have at least five or more symptoms (C 2 ) and if the patients have less than four symptoms (C 3 )
The Fuzzy IF-THEN Rules (R i ) for Leprosy is R1: IF the patient is experiencing numbness (loss of temperature sensation) THEN patient is in class C 3 . R2: IF the patient is experiencing numbness (loss of temperature sensation) and skin lesions THEN patient is in class C 3 . R3: IF the patient is experiencing numbness (loss of temperature sensation), skin lesions and weakness THEN patient is in class C 3 . R4: IF the patient is experiencing numbness (loss of temperature sensation), skin lesions, weakness and anesthesia THEN patient is in class C 1 . R5: IF the patient is experiencing numbness (loss of temperature sensation), skin lesions, weakness, anesthesia and paralysis THEN patient is in class C 2 . R6: IF the patient is experiencing numbness (loss of temperature sensation), skin lesions, weakness, anesthesia, paralysis and epistaxis THEN patient is in class C 2 . R7: IF the patient is experiencing numbness (loss of temperature sensation), skin lesions, weakness, anesthesia, paralysis, epistaxis and skin bumps THEN he/she has class C 2 . R8: IF the patient is experiencing numbness (loss of temperature sensation), skin lesions, weakness, anesthesia, paralysis, epistaxis, skin bumps and deformity (face, hand and foot) THEN patient is in class C 2 . R9: IF the patient is experiencing numbness (loss of temperature sensation), skin lesions, weakness, anesthesia, paralysis, epistaxis, skin bumps, deformity (face, hand and foot) and eye damage (dryness and reduced blinking) THEN patient is in class C 2 . R10: IF the patient is experiencing numbness (loss of temperature sensation), skin lesions, weakness, anesthesia, paralysis, epistaxis, skin bumps, deformity (face, hand and foot), eye damage (dryness and reduced blinking) and loss of digit THEN patient is in class C 2 . R11: IF the patient is experiencing numbness (loss of temperature sensation), skin lesions, weakness, anesthesia, paralysis, epistaxis, skin bumps, deformity (face, hand and foot), eye damage (dryness and reduced blinking), loss of digit, and enlarged earlobes THEN patient is in class C 2 . R12: IF the patient is experiencing numbness (loss of temperature sensation), skin lesions, weakness, anesthesia, paralysis, epistaxis, skin bumps, deformity (face, hand and foot), eye damage (dryness and reduced blinking), loss of digit, enlarged earlobes and conjunctivitis THEN patient is in class C 2 . R13: IF the patient is experiencing numbness (loss of temperature sensation), skin lesions, weakness, anesthesia, paralysis, epistaxis, skin bumps, deformity (face, hand and foot), eye damage (dryness and reduced blinking), loss of digit, enlarged earlobes, conjunctivitis and Iridocyclitis THEN patient is in class C 2 . Leprosy prognosis is very severe if any patience is diagnosed with Cluster 2 (C 2 ), the patient should consult a physician immediately to prevent total deterioration. The degree of intensity of leprosy symptoms ordered in the following classes for a typical scenario is presented in Table 1 . From Table 1 , Cluster 1 represent possible situation of "Might be leprosy" because at least four of the symptoms are pronounced. Cluster 2, represent possible situation of "Having Leprosy" since five or more of the symptoms is pronounced. Cluster 3 represent possible situation of "Not Leprosy" but possibly some other disease since only two of the symptoms of leprosy is pronounced. The graphical representation in Figure 4 , is a representation of Table 1 and clearly show four symptoms with high degree of "Might be Leprosy" in Cluster 1, seven symptoms with high degree of "Having leprosy" in Cluster 2 and two symptoms with high degree of "Not having Leprosy" in Cluster 3. 
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